GEO: the Gene Expression Omnibus

A family of databases for gene expression related data
https://lwww.ncbi.nlm.nih.gov/geo/
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Scope and Access

next-generation sequencing, and other forms of high-throughput functional genomic data submitted by the
scientific community. In addition to data storage, a collection of web-based interfaces, browse and search
methods, and advanced analytical tools are available to help users find, analyze and download the data
stored in GEO. The GEO homepage (https://www.ncbi.nIm.nih.gov/geo/) is the main gateway for searching =]
and browsing high-throughput array data. GEO accepts many categories of high-throughput functional ge-
nomic data, including all array-based applications and some high-throughput sequencing data. Questions and issues
related to submission should be sent to: geo@ncbi.nim.nih.gov.

The GEO Databases, Data and Record Types

While GEO was originally established to host gene expression data, it has evolved to host other data types, including
comparative genomic analyses, chromatin immunoprecipitation (ChlP) profiling that characterizes genome-protein inter-
actions, non-coding RNA profiling, SNP genotyping and genome methylation status analyses. Thus, the data in GEO is
measured in a wide variety of high-throughput assay methods (platforms) and measures a diverse set of sample types,
as shown by the GEO Repository Browser (A, https://www.ncbi.nlm.nih.gov/geo/summary/) for the platforms.

Platform, Sample and Series records are submitted to the NCBI by researchers. A Platform record (B) is composed of a
summary description of the array or sequencer and, for array-based Platforms, a data table defining the array template.
A Sample record (C) is composed of a description of the biological material, the experimental protocols to which it was
subjected, and a data table containing abundance measurements for each feature on the corresponding Platform table.
A Series record (D) defines a set of related Samples considered to be part of a study, and describes the overall study
aim and design.

DataSet records (E) are prepared by NCBI Curators with information
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Browsing and Searching in GEO

ln addition tO being able tO browse (A) GEO Home Documentation ¥ | Query & Browse ~ Email GEO

GEO data in sortable, linked tables, Gene Expression Omnibus w)
GEO PrOfIIe and GEO Dataset data_ GEO is a public functional genomics data repository suppaop JIAME-compliant data submissions. PO oyt il
bases can be searched using query Array- and sequence-based data are accepted. Tools ard i to help users query and download rene Brpression Dmnibus
bOXGS or from their individual homep— experiments and curated gene exprassion profiles. Search
ages linked under the tools column Getting Started Tools l Browse Content
(B) The Entrez search and retrieval Overview Search for Studies at GEC DataSets Repository Browser
SyStem can be Used to query for rec- FAQ Search for Gene Expression at GEQ Profiles DataSets 3848
ords Corresponding to specific GEO About GEO DataSets Search GEO Documentation Series: [ 51416
aCCGSSion nUmberS or for Searching About GEO Profiles Analyze a Study with GEQ2 Platforms: 13458
with terms for specific data attributes About GEO2R Analysis CEOBAST Samples: 1250824
including keywords, authors, Organ- How to Construct a Query _ragraﬂn.a.lc Access

How to Download Data FTP Site

isms, gene symbols, gene names,
GenBank accession numbers, or Pro- | 'nfermation for Submitters

files ﬂagged as being differentia”y ex- Login to Submit Submission Guidelines MIAME Standards
pressed. Users can refine searches by Jpaate Guoeines Cing ang Lng fo 550
simply typing in terms of interest or
constructing very specific fielded que-
ries. A full listing of all indexed fields, with examples and tips specifically for the GEO Databases, is provided at
https://www.ncbi.nim.nih.gov/geo/info/qqgtutorial.html. Additionally, data for large collaborative projects, such as ENCODE
and Roadmap Epigenomics, have dedicated browser pages at https://ww.ncbi.nlm.nih.gov/geo/info/ENCODE.html and
https://www.ncbi.nim.nih.gov/geo/roadmap/epigenomics/, respectively. Nucleotide or protein sequences can be used to
search for genes in GEO Profiles through GEO BLAST (C). This page is also linked from the BLAST homepage (https://
blast.ncbi.nim.nih.gov/) under the “Specialized BLAST” section.

Guidelines for Reviewers
GEC Publications

Sample Subsets
GEO DataSets Summary Pages Somples | _ g T
. . . 1ssue strain Isease state
The GEO DataSets database stores and displays summary information | seuss> ~ spicen e — HOD, 51
about each curated experimental set as well as links to the underlying | sstsss  spiesn NeD diaetic NOD_s3
data, including the Platform, Series and other reference material such |2  spleen 3 disbetic-resistant ldda_s1
. GSMSa0 spleen 1dd3 diabetic-resistant Idd3_s2
as organism and PubMed references The DataSet summary page for |.cuss:  spieen = e s, 51
GDS10 is shown as an example (D). Samples included in the DataSet |ssussr  spieen Idds diabetic-resistant 1eids_s2
are linked from a sortable and fully linked table and which can be ac- | "=  swi==n feda+dds - diabeticresiy 245 51
. . ESMS02 spleen Idd2+Idds diabetic-resig| Idd3+5_52
CeSSGd Wlth a CIICk Of the Sample SUbsetS bUt- D DataSet Record GDS10: I'.E)cpressiun Profiles ) (Data Analysis Tools ) I'.Sample Subsets)
ton (E) Downloading the entire dataset can be Title: |—) Type 1 diabetes gene expre.sswon profiling . : CILlster;lné\vsis
accomplished QUICk|y in many formats (F) |n Summary: Examination of spleen and thymus of type 1 diabetes n e
eyr ’ diabetic (NOD) mouse, four NOD-derived diabetes-resis hgenic
addltlon, due to the curated nature of the data, strains and two nondiabetic control strains.
Data Analytical Tools (G) are available for Organism: Mus pusculus
assessment of the data, including statistical Flatform: GFL21: EOSS002A - Download
. . Citation: Eawves 1A, Wicker LS, Ghandour G, Lyons PA et al. Combining mouse
Companson and Cluster analyS|s Of sample sub- congenic strains and microarray gene expression analyses to study a DataSet full SOFT
complex trait: the NOD model of type 1 diabetes. Genome Res 2002 y
sets. Feb;12(2):232-43, PMID; 11827043 Dat_aseft S?Wf"e -
Reference Series: GSE11 Sample count: 28 ::::z f:g:li ;?;L,”l?”e
G EO P f' I S . Value type: count Series published: 2001/11/21 Annotation SOFT file
roriies summaries

The GEO Profile database stores gene expression profiles from curated DataSets. Retrieved records are displayed in
summary format, which are sortable and downloadable through the Display Setting (H) and Send to (1) links, respec-
tively. The summaries provide information about the particular gene and the Series or DataSet in which it was examined.
They are fully linked within GEO and other NCBI databases (J). The Profile Neighbors link and Subgroup effect sort op-
tion provide access to other genes that exhibit similar expression behavior. Finally, the chart next to a profile displays the
expression level of the gene for comparison of expression levels in all samples within a DataSet (K). Data points for re-

trieved profiles can :
isplay Settings: (| Summary, er page, Sorte ubgrou end to: [¥ ilters: Manage Filters
be downloaded Display Settings: ¥ S ry. 20 per page, Sorted by Subgroup £ H || | d t Filters: Manage Filt
using the Results: 1 to 20 of 39114 Page[I | 0f1956 Nexts  Last=:
‘ i . . .. Profiledata -
Download profile | = Cucra - Type 1 diabetes gene expression profiling .
data” button (L) 1. Annotation: Cxcré, chemakine (C-X-C motif) receptor 4 SRR | | Download profile data
and pathways in- Organism: Mus musculus @ || H|
volved can be re- Reporter: GPL24, 11402 (ID_REF), GDS$10, AB000203 e L Ll Profile -
. . . i i pathways
trieved from Bio- :IE)atSES:;Eype. Expression profiling by array, count, 28 samples = H
i - =eals Find pathwayst :
?YStemS using ,t,he GEO DataSets Gene UniGene Profile neighbors Chromosome neighbors <I|
Find pathways Seguence neighbors Homologene neighbors
button (M).
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Analyzing with GEO2R

GEOZ2R is a simple web interface (https://www.ncbi.nlm.nih.gov/geo/geo2r/), which allows sophisticated R-based analy-

sis of GEO data for the identification and visualization of differential gene expression, particularly for those data sets that
were not curated by NCBI. Results are presented as a table of genes ordered by significance that can be visualized with
GEO Profile graphics. A YouTube video tutorial is available at https://www.youtube.com/watch?v=EUPmMGWS8ik0

Customizable GEO DataSet data analysis tools
GEO DataSet records have integrated Data Analysis Tools to facilitate examination and interrogation of the data to help
identify potentially interesting genes. The set of
tools are accessible from the DataSet Summary
page (A) and provides four analysis options: :
e Find Genes (B): Querying with gene names or sym- | Find genes '/';. o
bols will retrieve expression profiles of those genes Compare 2 sets of samples @ ' Step 1: Select test and significance level
examined in the DataSet. Check boxes are made |Two—taw|edt—test (Awvs B j Significance level: lm
available to display only those flagged as exhibiting | cluster heatmaps Y
differential expression under specific experimental

'y o . N i - Y a
‘ DataSet Record GDS10: (Expression Profiles ) (Data Analysis Tools | A !lple Subsets) ‘
]

|
Data Analysis Tool's\/

.

Step 2: Select which Samples to put in Group & and Group B

conditions. Exzperiment design and value distribution /','n g:gﬂg g ggmgg?j gguggi S

e Compare 2 sets of samples (C): Comparisons of Step 3: Query Group & vs, B @
data can be performed to retrieve records that are —
differentially expressed. The type of statistical test voror 2 liaae T sk Lissssasiaia | wreers, mEmm—
to be performed along with significance level can be selected (Step 1) and Sub- Comeaz o ot Gemsez
sets of Samples (D) can be chosen for the comparison (Step 2). Statistically sig- | sovene oo
nificant, differentially expressed genes are displayed as GEO Profiles (E) (Step 3). | ssmsa0 13 GaMsaD

e Cluster heatmaps (F): Interactive, customizable, cluster heatmaps are available. | Gauzar S P
Views of several different clustering algorithms can be displayed and shown ina | S22 oo | igaasiaas e
variety of color schemes. In addition, regions of interest can be zoomed-in and the | cawsss oo GEMsEE

data directly downloaded, displayed in line plots, or retrieved in GEO Profiles. e e
 Experimental design and value distribution: Box and whisker plots displaying the | &5 - nondisbetic  |—ooroot
distribution of expression values of each sample within the DataSet are available 55M595

. . . . . GEME96
to assist with examination of the quality of the data. HOD diabetic CEMEOS
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S ) Idds
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diabetic (NODY mouse. four MOD-derived diabetes-resistant £CO0 raCo0
congenic strains and two nendiabetic control strains. Display Settinas: (v] Summary, 20 per page, Sorted by Subgroup effect Send to:
Organism: s muscuitss congenic straing and Results: 1 to 20 0f 38114 Page |1 0f 1956 Mext= Last==

| F [T Type 1diabetes gene expression profilin
GDS10 Type 1 diabetes gene expression profiMMus musculus] lerately similar to XP_001477892.1 PREDICTED: ...
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GEO Profiles chart @

To facilitate quick examination of gene-level data | ) ==L [l SR | Lo ol BEHIEER
from experiments curated with in GEO DataSets, = G cha cout

the GEO Profile summary displays a link to a chart e

analysis of gene expression levels. Clicking on the Profiles thumbnail (G) displays a larger version of the chart (H). Full
profile details are shown, including descriptions of and links to the DataSet and Samples, as well as the expression pro-
file for the individual gene grouped by experimental subset. The red bars indicate the level of abundance of an individual
transcript across the Samples that make up a DataSet, while blue squares indicate rank order for that gene’s expression
with respect to the other genes within the Sample (I). The colored X-axis bars (J) distinguish named experimental sub-
sets of Samples within the DataSet (type, e.g., 'tissue’, description, e.g., 'spleen’, and disease state, e.g., ‘diabetic’). Lo-
cated under the chart is a button to display data values, as well as a link to a help document with thorough explanation of
this view.
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GEO Submission

GEO accepts many categories of high-throughput functional genomic data, including all array-based applications and
some high-throughput sequencing data. The GEO Curation Team is available to assist submitters in depositing their da-
ta. Send an E-mail to: geo@ncbi.nim.nih.gov with a brief description of the type of data you are trying to submit and an
explanation of any problems with or questions about the submission procedures. Three different methods for submission
available are summarized in the table below.

Submission Method Format Key points

Spreadsheets | Recommended method for most submissions. Quick description of the

GEOarchive (e.g., Excel) submitted study or studies using Excel spreadsheet templates.

Good option if data and metadata are already in a database which can
generate and export data in SOFT plain text format.

Good option if data and metadata are already in a database which can
generate and export data in MINiIML XML format.

SOFT Plain Text

MINiML XML

All deposit methods described here support the submission of many data types, including: Gene expression, SNP
arrays, SAGE, ChlIP-chip, Protein arrays, ArrayCGH (Comparative Genomic Hybridization) and high throughput quantita-
tive sequence data. In addition, submissions may remain private until a manuscript describing the data is published.
However, as manuscript reviewers often need access to the data for evaluation purposes, GEO has developed a system
for creation of a Reviewer URL, providing confidential and anonymous access, which authors can supply in their manu-
script submissions. More on GEO submission is available at https://www.ncbi.nlm.nih.gov/geo/info/submission.html.

Downloading Bulk Data Files and Programmatic Access

Data from GEO DataSets and Profiles databases, including all Platform, Sample, Series and DataSet records as well as
raw data, are available for bulk download through FTP at ftp://ftp.ncbi.nih.gov/pub/geo/. In addition, metadata from these
GEO-specific databases can be accessed programmatically using a suite of programs collectively referred to as the En-
trez Programming Ultilities (EULtils). A help page with exam-

ples and a link to the complete EUtils documentation is at | S=reseseessze ST T
. . . Status Public on Oct 22, 2015
https://WWW.anl.nIm.nlh.qu/qeO/lnfO/qeO paCCGSShtm' Title RBFox2 regulates a broad RNA program and is required for genome-wide
targeting of polycomb complex
Organism Mus musculus

A NOtab|e Enhancement in Presentatlon https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE57926
GEO now makes submitter provided mapping data (in WIG | Refations

. BioProject PRINA248435
and BEDgraph formats) accessible through the Genome sRra SRPO42215 @
Data Viewer. Dat_asets Wlth this Genome Data Viewer B See the data on Genome Data Viewer
enabledfare readlly retrlevable » Pick Assembly Ve TZ ARG a8 B 11 qC1Z aCZ aC3  aCd aC5 a0 GEI1 qEZ] GE23 E3 GE4 oF a8l oHl qH2Z aHZ  oHS a6
using a fielded query term ‘has * ldeogram View = i . i
track”[prop]. Clicking the “See | .2 iaamaman ] O 2

the data on Genome Data Viwer”
button (A) of an entry with this en-
abled brings out this display for
that dataset (B). ENGOEoD s

E HB E https://www.ncbi.nIm.nih.;I:zov/genome/gdv/?context=éEO&acc=GSE57?§26 "
G EO Docu me nts an d i GSM1397526 MEFs-SUZ12-NC-ChIPseq NAOOOOS84473.1 " ®

NC_000067.5: 1.197M (197Mbp) » 3 Cp | @ R To. - 2 7~
128 n 40 n g8 n een 1ee n 128 1 148 n 180 1 197,195,
NCBI Genes ®
7 [Statt  qCrebl  [Pex3 Bciz e [Pgs2  [Fasl TParpt
jcdz8 I
" [T
\

et ‘L“ T T e N A TR h R T R A A TH PV IR

- | .l n ik P RIS B L ml ] A (. L
References G5M1387541 .‘_E&:t*i‘!?*ERC:Eu NAOOD0E3900.1 - ®
The collection GEO help docu- * Search ‘ i — . :
. . Q- FRUSLcJ R SR WY U 19 N TP DAY P SO IOV " Y P el s e fla .
ments On data Sme|SS|On, a 251—113137535 I—I;'cc;-'ceJREFcicZf:“..:lcea:fCL'_IFseu NAQOOOE84342.1 4 : ®

Enter a location, gene name or phenotype

searching, linking, and data analy- T N [ N

} Your Data

S|S are I|nked from the GEO 2-51-1:397527“1-1!::175—333271—153—:-12—2:1?55.; NRDODOB4176.1 . ®
homepage (https://www.ncbi.nIm.nih.gov/geo) under the “Getting Started” column.

GEO Publications:

1. NCBI GEO: archive for functional genomics data sets - 10 years on. Barrett T, et.al. Nucleic Acids Res. 2011 Jan;39
(Database issue):D1005-10. Epub 2010 Nov 21. https://www.ncbi.nIm.nih.gov/pubmed/21097893

2. NCBI GEO standards and services for microarray data. Edgar R, Barrett T. Nat Biotechnol. 2006 Dec;24(12):1471-2.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2270403/.

3. Gene expression omnibus: microarray data storage, submission, retrieval, and analysis. Barrett T, Edgar R. Methods
Enzymol. 2006;411:352-69. https://www.ncbi.nim.nih.gov/pmc/articles/PMC1619900.

See more at https://wwww.ncbi.nlm.nih.gov/geo/info/citations.html.
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